Dbl! eb eles iad 
iieead.st Hy + 

, 2 Wh Zz. 

, pata 
As ; 


tee 








ee nae iy ie pons ity 
aie ite {ia re 


i are Et Raat 


nA gece A Ma WA 
poets galt Nes AL) “4 ? mrib ea way Ht iy 


eS e fi a 3 r te me 


is rani pet 
¥ Bea oo f 
aula 


i Bt Bh. eel ae ka ra lie HF 
| ja das 3 Re AIS: aaa 
bitrate Tama to tek 


eh} sh ore et 


ec aa sd aeRO ann Re 


a Me sas tis. yityt 
; if ul ne oe if ! 


lig “St reat. Ee 


- 


af! 
bots set 





JOURNAL OF DAIRY SCIENCE 


VotumE XVII SEPTEMBER, 1934 NuMBER 9 








THE APPLICATION OF X-RAYS TO RESEARCH 
IN DAIRY TECHNOLOGY 


8. L. TUCKEY anp H. A. RUEHE 
Department of Dairy Husbandry 
anp G, L. CLARK 
Department of Chemistry, University of Illinois, Urbana, Illinois 


INTRODUCTION TO PROPERTIES OF X-RAYS 


X-rays were discovered by Roentgen in 1895, while experimenting with 
cathode rays, or streams of electrons in evacuated tubes. The discoverer 
and certain of his contemporaries noted the similarities between x-rays and 
ordinary light. Both moved in straight lines, affected a photographie plate, 
excited fluorescence or phosphorescence in certain substances, were un- 
affected by magnetic fields, exhibited polarization and finally convincing 
proof was obtained that the velocities of the propagation of light and x-rays 


were identical. The essential difference between the two is in the average 
wave length. For crystal analysis investigation, x-rays of one Angstrém 
unit (one Angstrém unit, A.U.=10-* em.) are used. This is about one- 
six-thousandth the wave length of yellow light in the visible region. 
Primary x-rays are generated when fast moving electrons are stopped by a 
target or anti cathode when sufficient potential difference between the two 
has been produced. Since their wave lengths ) are so much shorter, or 
their frequencies greater, x-rays penetrate substances which are opaque to 
light and are related to an intimately finer subdivision of matter than is 
possible for light waves. 

Laue, in 1912, was the first to predict that crystals would serve as three 
dimensional gratings for the diffraction of x-rays, as the wave length of 
x-rays was of the same order of magnitude as the atomic spacing, namely 
10-* em. Laue’s mathematical interpretation of the patterns obtained was 
exceedingly complex and it remained for Bragg and Bragg to show that the 
crystalline structure of substances can be interpreted from the simple equa- 
tion N }=2 d sin 6 when it is considered that the primary beam is reflected 
by the surface of the crystal. (N is a simple whole number which is the 
order of reflection ; ) equals the wave length of x-ray beam used; d is the 
distance between the reflecting units; 6 is equal to the angle of reflection.) 
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PURPOSE OF X-RAY ANALYSIS 


The ultimate structure of crystalline material, that is, the arrangement 
of atoms and molecules within the crystal, and the interpretation of the 
properties of that crystal in terms of that arrangement is the first aim of 
x-ray analysis. Clark (1) states in his book Applied X-Rays, ‘‘the great 
practical importance of scientific knowledge of the ultimate structure of 
solids, which are crystals in their natural state, is self-evident, when con- 
sideration is given to the definition of the desired chemical and physical 
properties. The strength of steel girders, the corrosion of aluminum 
alloys, the wearing properties of case hardened steel, the plasticity of lime, 
the dielectric capacity of materials, the lubricating properties of long chain 
paraffins and graphite, the stretching of rubber, the covering power of pig- 
ments, and innumerable other practical phenomena of everyday life all-de- 
pend upon ultimate crystalline structure.’’ 

Clark (1), in a general way, has listed the principal types of informa- 
tion that can be secured by proper interpretation of x-ray data: 

1. Crystalline or non-crystalline substances 
. Crystallographic system, unit cell dimensions 
. Deduction of crystal unit (atom, ion, or molecule) 
. Chemical identity, chemical and crystallographic changes 
. Allotropie changes 
. Single crystal or aggregate 
. Type and mechanism of alloy formation 
Random or fibered aggregate and relative degree of pre- 
ferred orientation 

9. Grain size in an aggregate (in colloidal range) 

10. Internal strain or distortion. 

Although more detailed information from x-ray analysis has been 
secured from substances which are commonly known to be crystalline, it 
has been surprising to find substances commonly thought of as being non- 
erystalline as actually having a partially crystalline structure and that 
this structure can be changed by heat treatment, pressure, stretching, ete. 
Casein and gelatin are examples of the latter class of substances. Stewart 
(2) has shown that even solutions tend to assume an orderly arrangement 
of groups within the solution. Hence, liquid milk should, and does show 
some type of arrangement (see Fig. 1). The mineral constitutents and 
lactose are the only true crystalline constituents in dairy products that can 
be analyzed by x-ray, nevertheless, interesting structural changes have been 
observed in butterfat, milk powder, casein and cheese. The application 
of x-rays to research in dairy technology opens a new field of thought and 
endeavor. 
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EXPERIMENTAL 


This study has been of a preliminary nature in order to determine, if 
possible, some of the limitations and adaptations of x-rays to research in 
dairy products. It has served to open the field for future intensive studies 
in a number of directions. 

The method of analysis used on the samples is known as the powder 
method, discovered independently by Debye and Scherrer in Europe and 
by Hull in the United States. The diffraction depends upon the fact that 
in a fine powder the particles are arranged in an entirely heterogenous 
manner. Since reflection occurs from a definite angle, there should be a 
sufficient number of particles in this powder turned at just the right angle 
to the primary beam of monochromatic x-rays, to enable strong reflection 
from one set of parallel planes; other particles turned at another angle will 
produce reflection from another set of planes (the same set of planes in 
many particles cooperating). Thus a beam passing through a powder speci- 
men will fall upon a perpendicular flat photographic film as a series of con- 
centric rings (Fig. 7) each of same intensity throughout and corresponding 
to one set of planes of spacing d. 


EQUIPMENT 


For this study, except in the analysis of milkstone, x-rays generated in 
a Miiller type of tube from a copper target were used. The average wave 
length of the K-Alpha radiation from copper is 1.538 Angstrém units. In 
the analysis of milkstone a General Electric tube with a molybdenum target 
was used. The wave length of these rays is .708 Angstrém units. 


ANALYSIS OF MILESTONE 


In 1930 a study of the chemical composition of milkstone was made by 
the authors. According to the chemical analyses, the percentage composi- 
tion of milkstone varies considerably depending on its source and conditions 
under which it was formed. Since each chemical compound gives a defi- 
nite pattern on a photographic film according to atomic arrangement, x-rays 
ean be used for qualitative chemical analysis as well as structure analysis. 
Whea one of the samples of milkstone was analyzed by x-rays the lines 
whieh were produced were compared with the lines of several pure chemi- 
cal compounds and compounds formed by the reaction of two or more com- 
pounds. When CaH,(PO,),+Na,CO, were allowed to react and the end 
product was analyzed by x-rays the lines produced compared with the 
sample as follows: 


CaH,(PO,), + Na,CO, 
3.5 2.84 2.30 2.31 1.98 1.87 1.77 1.73 1.465 1.328 1.252 1.16 1.12 1.038 .985 


Milkstone 
3.5 2.86 2.64 2.31 1.97 1.84 1.735 1.46 1.25 1.16 1.12 1.033 .96 
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There is a possibility for the reaction to proceed in two ways: First a 
double decomposition reaction to form CaCO,+Na,H,(Po,),; or second, 
to form CaHPO,+Na,HPO,+CO,+H,O. The latter reaction seems to be 
the most likely since no carbonate (CO,) was found in the end product. 


THE ANALYSIS OF MILK POWDER 


Thus far, in the study of milk powder, most of the work has been con- 
fined to determining the effect of the different milk powdering processes upon 
the structural group spacings within the milk proteins. Since the units 
that diffract x-rays are much farther apart in proteins than in inorganic 
materials, then x-rays of longer wave length than those used for inorganic 
erystal analysis should be used. However, the propagation and handling 
of x-rays of long wave length have not been carried beyond the experimental 
stage. Hence x-rays from copper, although much longer than those used for 
steel analysis are still shorter than is desired for protein diffraction analysis. 
However, much information still can be secured by the use of x-rays of this 
length from copper. 

Although structural changes within the milk protein due to different 
types of processing equipment are not marked, there is a tendency for a 
shrinkage in unit spacing with an increase in heat treatment. Hence milk 
powders made by the roller process have a tendency for a smaller’ d, unit 
spacing than do milk powders of the spray types. This is illustrated by 
the following measurements made on the different types: 


Spray Process Vacuum Roll Atmospheric Roll 
la. d, = 4.63 lb. d, = 4.625 le. d, = 4.258 
2a. d, = 4.63 2b. d, = 4.60 2e. d, = 4.473 
3a. d, = 4.625- 3e. d, = 4.473 
ta. d, = 4.616 4c. d, = 4.493 
5a. d, = 4.596 5e. d, = 4.495 
6a. d, = 4.593 6e. d, = 4.545 
7a. d,= 4.593 7e. d, = 4.588 
8a. d, = 4.588 
9a. d, = 4.587 

10a. d, = 4.51 


Further evidence of this is secured by the measurements secured on 
scorched milk powder as compared with a normal sample. 


Scorched Roller Powder Normal Spray Powder 
1. Fairly scorched powder d,= 4.48 la. d, = 4.63 
2. Scorched powder d, = 4.484 


3. Badly scorched powder d,= 4.473 


The lines secured from the analysis of milk powder are due entirely to 
the diffraction of x-rays by units within the protein molecule, although lac- 
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tose constitutes approximately 50 per cent of skim milk powder. This fact 
indicates that lactose is not in a crystalline state in normal milk powder, but 
may be in one of two conditions; namely minute crystals absorbed on the 
protein and in too small units to diffract x-rays or it may be in an amorphous 
or glass state. The former is more probable since a larger halo on the film 
would be more likely if the lactose were in an amorphous condition. As soon 
as moisture is absorbed from the air the lactose crystallizes within the milk 
powder. This is illustrated by Fig. 4. (Compare Figs. 2 and 4.) No pro- 
tein lines are in evidence although this sample is of the same lot as shown 
in Fig. 3. The only difference is in the size and state of crystal structure 
of the lactose. Troy and Sharp (3) have pointed out that the caking of milk 
powder is due to the absorption of moisture followed by the crystallization of 
lactose. Their experimental work was based upon observations with a polar- 
izing microscope. However, x-rays show the very beginning of crystalliza- 
tion as illustrated by Fig. 5. Crystallization at this stage could not be shown 
with a polarizing microscope and can only be shown by x-ray analysis. 

W. T. Ashbury(4) claims that the lines of proteins are due to the dif- 
fraction of x-rays by the amino acid residues in the protein molecule. He 
gives 3.5 A.U. for the amino acid residue in natural silk (fibrous), 3.4 A.U. 
for stretched hair (B-keratin) and 3.3 A.U. for stretched feather keratin. 
Trillat (5) gives the spacing for gelatin as follows: d 4.3; d, 15.9; d, 2.8. 


DIFFERENTIATION OF SUGAR 


Since each crystalline compound gives a definite pattern according to 
atomic arrangement, the identification and differentiation of the common 
sugars (sucrose, dextrose and lactose) is made simple by x-rays as illus- 
trated by Figs. 6, 7, and 2. 


POSSIBILITIES OF FURTHER STUDY 


Although the work reported has been confined to the two subjects men- 
tioned, there are a number of problems suggested by this study that may 
be investigated. 

The structural changes in casein during cheese ripening at once presents 
itself as an attractive problem. A study of the changes occurring in butter- 
fat also lends itself to analysis by x-rays. The arrangement and size of space 
groups of lactose have not yet been reported, altho this has been worked out 
for the other sugars. The quantitative determinations of particle size of ice 
erystals in ice cream also can be determined with the aid of x-rays. 


SUMMARY 


By x-rays analysis the identification of the mineral constituents in a 
sample of milkstone was determined. Results obtained from the diffraction 
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of x-rays by milk powder show conclusively that lactose does not exist in a 
erystalline form in fresh milk powder. The very onset of lactose crystal- 
lization in milk powder was shown by the diffraction patterns obtained. 
Also a tendency for a change of nite spacing of the diffracting group in 
milk protein due to different processing methods has been noted. Spray 
powders were found to have a slightly greater d, unit spacing than the 
roller powders. 
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SOME PHYSICO-CHEMICAL PROPERTIES OF 
LACTOSE 


III. THE AQUEOUS VAPOR TENSION OF ALPHA HYDRATE- 
ANHYDRIDE SYSTEMS. THE PREPARATION OF 
ALPHA ANHYDRIDE 


B. L. HERRINGTON 
Department of Dairy Industry, Cornell University, Ithaca, New York 


INTRODUCTION 


The reliability of such constants as the specific rotation, the heat 
of combustion, or the reducing power of lactose is dependent upon 
the accuracy with which the moisture content of the material is known. 
There is need for information regarding conditions under which lactose can 
be dried superficially without loss of water of crystallization, as well as 
regarding the conditions under which the anhydride itself may be prepared 
with a minimum of decomposition. 

A study of the literature revealed such conflicting statements that it 
seemed desirable to gather more data in order to determine these condi- 
tions, and to discover, if possible, the cause of the discrepancies which were 
found. 

Hudson (7) is apparently the only one who has attempted to determine 
the dissociation pressure of lactose hydrate. His values range from 73 mm. 
of mercury at 60° C. to 433 mm. of mercury at 90° C. He proposed the 
formula: 

log p = 10.2176 —3115/T 


for interpolation. This gives a value of 735 mm. of mercury at 100° C. 
From these results, we must conclude that lactose hydrate is. unstable even 
at 50° C., when in contact with the atmosphere. On the other hand, it has 
been believed by many workers that the hydrate could be heated to 100° C., 
without danger of losing water of crystallization. In 1856 Lieben (9) 
stated that lactose began to lose its water of hydration at 110° C. 
Sechmoeger (11) in 1880 wrote, ‘‘ Air dry, or sulphuric acid dried crystal- 
lized lactose C,,.H,.0,,+H,O, does not change in weight during several 
hours drying at 100° C., as is also reported by other writers.’’ He repub- 
lished (12) a similar statement in 1881. In 1896, Tanret (13) reported 
that crystallized lactose was not dehydrated at 100° C. Holty (4), who 
determined the specific rotation of lactose in pyridine, dried the hydrate at 
100° C. to free it of ‘‘excess moisture.’’ In 1912, Browne (1) stated that 
lactose may be dried at 100° C., and then weighed as the hydrate. In 
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1926; Rice and Miscall (10) stated, ‘‘It is known that lactose hydrate is 
very stable, the molecule of water being driven off only at about 130° C.’’ 
Then in 1928, Verschuur (14) stated that while lactose lost its moisture 
below 125° C., the loss was very slow. 

If Hudson’s data are correct, then it is evident that much of the data 
of other workers is subject to suspicion. In any case, both the work of 
Hudson and of others should be repeated and either confirmed or proven in 
error. 

Careful consideration of Hudson’s data places it under suspicion 
at once. Vapor pressure measurements are meaningless unless both the 
hydrated form and the anhydrous form are present in contact with water 
vapor. Hudson’s vapor pressure measurements were made upon a system 
of lactose hydrate and beta anhydride. There is no evidence whatever that 
the hydrated form of alpha lactose can be broken down by heat into water 
and beta anhydride, although both Hudsor (7) and Gillis (3) have at- 
tempted to accomplish it. This unfortunate choice of components of his 
system doubtless came about through Hudson’s view (5, 6, 8) that hydrated 
lactose is neither the alpha nor the beta form, but is the hydrated aldehyde 
and is related equally to both beta and alpha anhydrides. 

Since the components selected by Hudson do not represent a reversible 
system, he might have measured any pressure higher than the true pres- 
sure, but it is improbable that his measurements would be too low. His 
measurements would not show constant values unless a reversible system 
were formed by the decomposition of some of the lactose. That this actu- 
ally occurred is probable since he found it necessary to heat for several 
weeks in order to obtain constant vapor pressures. . Lactose is known to 
break down rather easily at temperatures of 130° C., and probably decom- 
poses slowly at much lower temperatures. Moreover, only a very small 
amount of decomposition would be necessary to account for the observed 
high pressures. The only alternative to this conclusion would be for lac- 
tose to have a very high vapor pressure at equilibrium, but an extremely 
slow rate of loss or gain of moisture. 

If the rate of loss of moisture from lactose is as slow as suggested, then 
data on equilibrium pressures alone would not be of great practical value. 
It would be necessary to know not only at what temperatures lactose can 
lose water, but also at what temperatures the loss would be sufficiently rapid 
to be of use. For that reason, experiments on vapor pressure were of two 
kinds. One was directed toward measurement of the rates at which water 
was lost or gained ; the other, toward a study of equilibrium pressures. 


EXPERIMENTS 


The rate at which lactose loses water depends upon at least the three 
factors: temperature, size of crystals, and the moisture content of the at- 
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mosphere. In these experiments, control of the humidity was not at- 
tempted. Lactose crystals of different sizes were placed in small aluminum 
dishes and held in an electric oven at temperatures of 100° C., 80° C., and 
70° C. In order to secure greater uniformity of temperatures among the 
dishes, a disk of aluminum } inch thick was placed under the dishes. The 
thermometer used to regulate the temperature had its bulb immersed in a 
separate dish of lactose. The lactose samples were prepared by a careful 
sifting of pure lactose in a mechanical shaker. The samples may be de- 
scribed as follows: 


Impalpable powder, a commercial product. 

Lactose passing a 200 mesh screen (200 spaces per inch). 
Lactose passing a 100 mesh screen, but retained on 200 mesh. 
Lactose passing an 80 mesh screen, but retained on 100 mesh. 
Lactose passing a 40 mesh screen, but retained on 80 mesh. 
Lactose passing a 20 mesh screen, but retained on 40 mesh. 


AZeoOQWPS 


Two-gram samples were weighed carefully into the dishes.. After suitable 
intervals in the drying oven, the dishes were removed quickly, covered, 
eooled, and weighed. They were then returned to the oven. The per cent 
of loss in weight is plotted against time in figures 1 and 2. 

The results of these experiments show that lactose does lose its water of 
crystallization at 100° C., or even at 80° C., in an air oven, but that the 
rate of loss varies greatly with the size of the crystals. This probably ac- 
counts for-Gillis’ remark (3, page 91) : ‘‘Ii est absolument nécessaire de se 
rendre compte par pesée que le lactose est entiérement déshydraté, car la 
vitesse de déshydration varie notablement d’une préparation a |’autre.’’ 
The influence of the size of the crystals was demonstrated strikingly by the 
fact that a single well formed crystal of lactose weighing 0.4183 grams lost 
only 0.0012 grams after 92 hours in a Mojonnier oven at 100° C., under 25 
inches of vacuum. 

The more finely divided samples of lactose gave much smoother ‘‘loss in 
weight’’ curves than the coarser samples. This is due to the fact that it is 
quite possible to remove all large crystals from the finer samples, but im- 
possible to remove all of the fine crystals from the coarser samples. A 
sharp separation was made more difficult by the fact that same of the par- 
ticles in the larger sizes were not single crystals but were clusters of small 
ones. 

All of the samples show an initial loss followed by a period dur- 
ing which the rate of loss was very slow. This is doubtless due to the fact 
that crystals may often be heated for some time without appreciable loss 
of water until they become seeded with the anhydrous modification. As 
soon as nuclei of the anhydrous ferm appear, the loss of water takes place 
normally (2). This phenomenon probably accounts for the failure of the 
large crystal to lose water in the experiment reported above. 
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Fig. 1. The rate of moisture loss from alpha hydrate at 100° C., in an air oven. 
A study of crystals of six different sizes. Dotted line, N, a single large crystal held at 
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Fie, 2. The rate of moisture loss from alpha hydrate at 80° C., in an air oven. A 
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The data show that the loss of water may be quite rapid at 100° C., and 
quite appreciable even at 80° C. After holding the samples for 54 days at 
80° C., the temperature of the oven was lowered to 70° C. At this tempera- 
ture, the loss in weight was almost nil, averaging 0.02 per cent after 35 
days. It should be remembered that these samples were heavily seeded 
with the anhydrous form. 

The ease with which eqvilibrium of vapor pressure is established de- 
pends upon the rate at which water is taken up, as well as upon the rate at 
which it is lost. Experience has indicated that alpha anhydride takes up 
moisture quite rapidly. However, an experiment was carried out to deter- 
mine how rapidly moisture is taken up, and how much the rate of absorp- 
tion is influenced by the size of the crystals. One-gram samples of lactose 
were weighed into aluminum dishes, and dried in a vacuum over at 100° C. 
Each dish was then placed upon a balance, and a beaker of water was placed 
in the case. The sliding door was left raised about one inch. The dishes 
were weighed periodically, and the increases in weight are shown in table 1. 


. TABLE 1 
The rate of absorption of moisture by alpha anhydride crystals of different sizes 




















MOISTURE CONTENT, PER CENT 
TIME IN MINUTES 
Sample C Sample E 

0 0 0 
I asdillcienisadstsctihiinaiesSoicalionees 1.24 1.14 
RE CE 2.36 2.31 
60 3.27 3.32 
80 3.95 4.03 
ees 4.75 4.79 
EE ae 5.08 5.10 
200 scidiadiadeaaiisiins 5.19 5.15 
ES ae aoe 5.31 5.25 














Sample C: from hydrated lactose passing a 100 mesh screen but retained on a 200 mesh 
screen. 

Sample E: from hydrated lactose passing a 40 mesh screen but retained on an 80 mesh 
screen. 

The values given are averages of duplicate determinations. 


The results indicate no difference due to crystal size. The limiting factor 
seemed to be the rate of diffusion of water vapor to the sample. 

An attempt was made to measure the vapor pressure of lactose hydrate- 
anhydride systems. A sample of lactose passing a 100 mesh screen, but 
retained by a 200 mesh screen, was placed in a tensiometer. Phosphoric 
anhydride was placed in the other arm of the tensiometer, and mereury was 
placed in the manometer. The apparatus was carefully evacuated, by 
means of a Sprengel pump, and then sealed. In constructing the tensiom- 
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eters, care was taken that the two arms were approximately of equal vol- 
umes. The tensiometers were mounted in a glass walled thermostat, and 
the readings were made with the aid of a cathetometer. Cornections were 
not made for variation in the specific gravity of the mercury The ther- 
mostat was provided with an efficient circulating device; and temperature 
fluctuations were always less than 0.10° C. In some of the experiments, 
the water bath was replaced by a liter beaker of boiling water. Pumice 
stone was used to prevent superheating, and enough heat was supplied to 
keep the water boiling vigorously. 

It was soon found that accurate measurement of the vapor pressure of 
lactose was a more difficult problem than had been supposed. After the 
tensiometer had been immersed in the heated bath, the pressure rose rap- 
idly for a few minutes and then showed a slow drift toward higher values. 
This drift was searcely noticeable at 50° C., but was very pronounced at 
100° C. Table 2 shows the data obtained in one experiment at 99° C. The 


TABLE 2 
The rate of pressure rise in lactose hydrate-anhydride systems held at 99° C. 





























TIME IN MINUTES PRESSURE IN MM. OF Ho ete ~ hee 
te 0 
10 26.1 2.610 
20 27.8 0.170 
Eee a 28.3 0.050 
ie 29.9 0.023 
EEE LE 30.2 0.005 
280 31.6 0.012 
400 32.3 0.006 
520 33.5 0.010 
640 34.2 0.006 
SRE Saar ae 36.7 0.007 











tensiometer used had not been heated previously. It was immersed in a 
large beaker of boiling water, and measurements of vapor pressure were 
made at regular intervals. The table shows that the rate of pressure devel- 
opment was high at first, and then decreased to an almost constant value. 
It is believed that the first rapid rise represented the actual vapor pressure 
of the lactose while the slower increase which followed was due to some 
other unknown transformation. In order to determine the position of the 
break in the curve, the rates of pressure increase in mm. per minute were 
calculated, and are shown in the third column of the table. The rate was 
found to reach a minimum value at 160 minutes, and the pressure recorded 
at that time was arbitrarily taken as the vapor pressure of alpha hydrate 
in contact with its anhydride. 

Table 3 shows the pressures which were obtained at various tempera- 
tures. They are offered as approximations only, because of the difficulty 
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in determining the break in the curve at the higher temperatures. How- 
ever, it is believed tat they are not greatly in error.) 


TABLE 3 
The approximate vapor pressure of lactose hydrate-anhydride systems 
at various temperatures 








a ‘uM. oF Ho. 
EERE 1.23 
OS alchiiicaals 2.3 
eee 8.3 
I a 13.4 
Cheat ee 23.1 
eR a 30.2 








It would not be permissible to dismiss the gradual drift toward higher 
pressures as due te decomposition, without additional evidence. Previous 
experiments have shown that regardless of the size of crystals, the absorp- 
tion of water vapor by the anhydride is exceedingly rapid, governed ap- 
parently by the rate of diffusion of water vapor. However, it was found 
that when the tensiometers were cooled the pressure did not fall to zero 
at once, but fell to a few mms. pressure and then decreased very slowly. 
If the tensiometer had been heated for several days, the pressure sometimes 
did not return to zero. This slow drift on cooling is shown in table 4, which 
is really a continuation of table 2. After 985 minutes at 99° C., the tensio- 
meter was cooled to %5° C., and the pressure measurements were made at 
the intervals shown in the table. 

A study of the data suggested that two processes were taking place. 
One, a fairly rapid reaction was responsible for the initial rise in pressure. 
The second was very much slower, and gave rise to the slow drift when 


TABLE 4 
The rate of pressure fall in lactose hydrate-anhydrate systems when cooled 
y quickly from 99° to 25° C. 








ie oy —- 
__ CAEN 36.7 0.0 
cc 3.3 2.23 
ee 2.7 0.40 

RE cinitcmeninions 1.4 0.00030 

ee 0.9 0.00035 
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the temperature was either raised or lowered. If this were actually the 
case, it should be possible to demonstrate the, existence of two equilibria 
which are established at different rates. 

Let it be assumed that reaction A is quite rapid, and reaction B is slow. 
Let us further assume that a given temperature, the sum of the two pres- 
sures is unity.. If the system is cooled quickly, then a new pressure will be 
indicated whose magnitude would depend upon the pressure of system A 
at the lower temperature, and the pressure of system B at the original 
higher temperature. If the apparatus is quickly heated to the original 
temperature, the original pressure of unity should be established since we 
have assumed that system A is able to adjust itself rapidly, and that there 
is no shift in system B during the initial cooling. If, however, the appa- 
ratus is held at the lower temperature long enough for the slower equi- 
librium B to adjust itself, then rapid heating to the original temperature 
would not restore the original pressure. Time would be required for tha 
slower process to come to equilibrium. These predictions were tested ex- 
perimentally and verified. 

The tests were made with a tensiometer which had been in use for some 
time, and at the start of the experiment it still showed a residual pressure 
from previous heating. It was placed in a bath of boiling water and pres- 
sure readings were taken until the slow drift appeared. Then the tensio- 
meter was lifted from the bath and allowed to cool in the air for exactly 
one minute. It was then returned to the water bath and the observations 
were continued. This was repeated a second time. Finally, at the end of 
the experiment, the apparatus was cooled to room temperature and a few 
observations were made upon the drift again. These data are shown in 
table 5. They agree very well with the behavior predicted for a system 
made up of two independent reactions, one rapid, the other slow. Origi- 
nally, it required thirty minutes for the pressure to rise from 35.6 mm. to 
39.1 mm., but after cooling until the pressure fell to 15 mm., only a five- 
minute heating period was required to establish a pressure of 39.8 mm., a 
pressure even higher than the initial one. When the cooling was repeated, 
similar results were obtained. 

In order to complete the proof that there must be two equilibria, it must 
be shown that if the tensiometer is held at a low temperature for a con- 
siderable period of time, the original high pressure would not be reestab- 
lished on heating until the slower reaction had time to adjust itself to the 
new temperature. The truth of this assumption was demonstrated by ex- 
periment. The data are shown in table 6. The same apparatus used for 
the experiment of table 4 was reheated in exactly the same way as before. 
This tensiometer had previously registered a maximum pressure of 36.7 
mm., and at the beginning of this experiment it still showed a residual pres- 
sure of 0.5 mm. As was to be expected, the pressure rose to higher values 
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TABLE 5 
The effect of momentary cooling on the rate of pressure rise in a lactose 
hydrate-anhydride system at 29° C. 








TIME IN PRESSURE IN 
MINUTES MM. OF Ha. REMARKS 

i ieaisanicaniaignssientiiges 1.7 Residual pressure 

RE ee 35.6 

i ctaptpasdallinaiasbenbaniicaini 37.1 

ae See 37.4 

Pee 15.0 Held in the air at 28° C. 

RS 39.8 | Returned to water bath at 99° C. 

2 40.7 

15 41.1 

Es 17.0 Held in the air at 28° C. 

a a iar 40.1 Returned to water bath at 99° C. 

10 40.3 

ee ee 5.0 Held in water at 25° C. 

SEER aOR 3.9 

ES ES eee 3.6 

Ee ae ae 3.5 











This experiment was performed without interruption. The time in minutes measures 
the period under each treatment. 
during the first few minutes of heating than had been obtained during the 
initial run. But the pressure did not rise at once to the previous maximum 
value. The experiment was not continued until that pressure was reached, 
but the evidence shows that a long drift period would be required. 


~ 


TABLE 6 
The effect of holding siz days at room temperature on the rate of pressure 
rise in a lactose hydrate-anhydride system at 99° C. 








MINUTES ‘a. OF Ha. 
0 0.5 
5 ead 29.4 
10 eit 30.7 
15 : 31.1 
20 ssbb 31.4 
30 Saat 31.7 
SPE SR 32.5 
OES 32.9 
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. SUMMARY 


Hydrated lactose has been found to lose its water of crystallization at 
temperatures as low as 80° C., when heated in an air oven, but the rate of 
loss is very slow. The rate is very much greater from small crystals than 
from large ones. However, the crystal size is of little importance in de- 
termining the rate at which moisture is taken up by the anhydride. 

Measurements of the vapor pressure of the system alpha hydrate- 
anhydride were made at temperatures between 50° C., and 100° C. Evi- 
dence is presented to show that some reaction other than loss of water of 
hydration must occur on continued heating of lactose. The loss of water 
is considered to be a relatively rapid process. The unknown reaction is very 
much slower. The pressures measured by Hudson which are approximately 
twenty times those reported here, probably are due to the slower aqui- 
librium whose nature is unknown. 
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IRRADIATED MILK: THE REFLECTING PROPERTIES AND 
ANTIRACHITIC ACTIVATION AS AFFECTED BY THE 
IMPINGMENT ANGLE OF THE INCIDENT RADIATION 


G. C. SUPPLEE 
The Dry Milk Company Research Laboratories, Bainbridge, New York 
AND 
M. J. DORCAS 
The National Carbon Company, Cleveland, Ohio 


The relationship between the character and intensity of the ultra-violet 
radiation applied to milk films and the antirachitic potency imparted to 
the milk during momentary periods of exposure has been previously re- 
ported (1-4). Milk films 0.11 mm. thick transmit less than 5 per cent of 
the radiation below 2850 A incident to the surface at an angle of 90° (2). 
Since the incident radiation may be transmitted, absorbed or reflected, the 
difference between the amount of energy applied and that transmitted 
does not necessarily indicate the amount absorbed. According to Drothus’ 
law only absorbed radiation can cause photochemical change. It does not 
necessarily follow, however, that all the energy absorbed brings about photo- 
chemical reactions; much of the absorbed energy may be manifested as 
heat. If data are to be developed which will more adequately show the 
character and the amount of radiant energy necessary for the most effec- 
tive and efficient antirachitic activation of milk, it is necessary to know 
the degree to which the activating rays are reflected from milk surfaces. 
Such data are recorded in the present paper. 


EXPERIMENTAL 


Vertical flowing milk films of known characteristics were formed with 
the apparatus described in an earlier paper (2). The carbon are burning 
C type electrodes at 60 amperes and 50 volts was used for supplying the 
beam of ultra-violet radiation. The spectroradiometer previously used was 
placed in such a position that a beam of the radiation reflected from the 
milk surface was reflected into the instrument. The amount of radiation 
received by the spectroradiometer compared with that received by the in- 
strument placed in such a position that it received the same beam from the 
same source at the same optical distance without the intervening milk film, 
permitted the calculation of the percentage of energy reflected. Spectral 
or mirror reflection from the surface of flowing milk films receiving the 
radiation at different angles of incidence is shown by the curves in Chart I. 
(The angle of incidence as referred to in this paper is to be interpreted as 
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the angle between the surface of the milk and the incident radiation; a 
beam parallel to the milk surface being zero degrees and a beam intersecting 
the milk at right angles being indicated as 90°.) In presenting these data 
it is recognized that in the visible portion of the spectrum there would be a 
certain degree of diffuse reflection originating at some distance below the 
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CHART I 
The reflection of ultra-violet radiation from the surface of milk. 








immediate surface of the milk. However, in view of the transmission data 
previously obtained, and in view of the results shown by preliminary mea- 
surements, wherein it was found that diffuse reflection of the wave lengths 
under consideration were too weak to be measured with the apparatus 
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available, it is believed that the effect of this factor has been slight or even 
negligible in the results obtained. 

The reflection measurements shown by the graphs are the average of 
three separate determinations from whole milk films 0.11 mm. thick. Simi- 
lar measurements from skimmed milk films were made for the 15° and 30° 
angle of incidence. The results showed that throughout the 2550-3000 A 
range the reflection from skim milk, although tending to parallel that of 
whole milk was from 1 to 2 per cent lower between 2550 and 2800 A, and 
from 2 to 8 per cent lower in the 2800 to 3000 A region. The reflection 
from the milk films compared with the reflection from the surface of water, 
calculated for the range of wave lengths and angles of incidence under 
consideration, shows that the reflection from both substances is of the same 
order of magnitude. However, the calculated reflection from water, as 
well as actual measurements from vertical flowing water films, shows that 
the water surface does not exhibit the selective reflection shown by milk. 
Since the transmission data has indicated a selective absorption of ultra- 
violet radiation by milk, selective reflection may be expected. 

In order to determine the possible significance of the reflection of ultra- 
violet radiation from milk surfaces on the antirachitic potency, milk films 
of known thickness and flow characteristics were irradiated by radiation of 
known intensity impinging at different angles of incidence. The carbon 
are of the same characteristics as was used for obtaining the reflection data 
was used for irradiating the milk films. The are was placed 43 em. from 
the center of the milk films having a width of 10 cm. The films were formed 
on the flow board mounted on a vertical central axis which permitted accu- 
rate change of the plane of flow with reference to the projected beam of 
radiation. Milks containing 1.2 per cent and 3.6 per cent butter fat were 
used. The biological assays were made by the usual methods, and the re- 
sults recorded in the manner heretofore used (1-5). These results as well 
as those showing the amount of energy applied per cc. of milk are recorded 
in table 1. In determining the amount of energy applied to the milk film, 
the effect of the difference in angle of impingment was taken into considera- 
tion. Since the data do not purport to show the amount of energy ab- 
sorbed, that which was reflected has not been considered in the calculations. 
However, an approximation of the amount of energy absorbed may be cal- 
culated from the transmission data (2) in conjunction with that shown 
herein. An analysis of the reflection data shows that at an impingment 
angle of 75° from parallel, an average of 3.1 per cent of the incident radia- 
tion between 2550 and 3000 A is reflected; at an impingment angle of 45° 
from parallel an average of 2.9 per cent is reflected; at 30°, the average is 
6.1 per cent; at 20°, 13.4 per cent is reflected; at 15°, 28 per cent; and at 
10°, 34 per cent. 
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The biological results show that the reduction in intensity of the inci- 
dent radiation resulting from impinging the energy at angles of incidence 
.as low as 30° from parallel does not cause a reduction in antirachitic 
potency of the milk treated under the conditions used in these tests. - At 
impingment angles of 15° there is definite evidence of a reduction in anti- 


TABLE 1 


The vitamin D concentration of milk as affected by film thickness, film capacity, fat 
content, and angle of impingment of incident radiations (2000-3000 A) 
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rachitic potency. The data as a whole are considered as further confirma- 
tory evidence supporting the conclusion that the synthesis of Vitamin D 
during the irradiation of milk is essentially a surface reaction and that in 
the practical treatment of milk with ultra-violet rays, conditions which 
facilitate the reaction at the surface are to be preferred. 


SUMMARY 


1. The reflection of ultra-violet radiation from the surface of milk films 
is of the same order of magnitude as the reflection of such radiation from 
the surface of water; the degree of reflection increases as the angle of in- 
cidence decreases. 

2. Ultra-violet radiation between 2550 and 3000 A when impinged on 
milk surfaces at 75° and 45° from parallel are reflected to about the same 
degree—approximately 3 per cent; the average percentage reflection from 
a 30° angle of incidence is about 6 per cent; from a 20° angle of incidence, 
13.4 per cent; from a 15° angle, 28 per cent; and from a 10° angle, about 
34 per cent. 

3. Milk films show the property of selective reflection of ultra-violet 
radiation, especially throughout the range 2550 to 3300 A. This property 
is most pronounced at angles of incidence of 30° or less. 

4. The antirachitic potency of milk irradiated with ultra-violet radia- 
tion striking milk films at angles of incidence less than 90° and as low as 
30° is the same as that obtained when the angle of incidence is 90°, other 
things being equal. 
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NUMBERS OF MICROORGANISMS FALLING FROM THE AIR IN 
DAIRY PLANTS* 


H. C. OLSON anp B. W. HAMMER 
Iowa State College, Ames, Iowa 


The air has long been recognized as one of the sources of the microor- 
ganisms in dairy products. The data reported in the literature (e:g., 9) 
indicate that the numbers of organisms falling into milk from the air in 
stables are relatively small, especially when the air is reasonably free from 
dust, and it seems probable that in dairy plants comparatively few organ- 
isms fall into the various products from the air. However, under certain 
conditions, a small number of organisms may be of great importance. The 
organisms may fall into a product in which they can grow or they may fall 
on equipment where moisture and nutrients permit growth so that the con- 
tamination from this equipment is relatively heavy. 

It is sometimes assumed that the microorganisms in the air of a dairy 
plant originate largely in the plant itself and in some cases attempts are 
made to reduce the numbers of organisms in the air by the treatment of 
certain rooms in a plant. For example, some butter printing rooms are 
fumigated in order to reduce the danger of the butter developing mold 
growth. Commonly, such treated rooms are thrown open to the outside air 
so that the comparative numbers of microorganisms in the air inside and 
outside a plant become of importance. 


STATEMENT OF PROBLEM 


The work herein reported was undertaken to determine (a) the num- 
bers of bacteria, yeasts and molds falling from the air in rooms in which 
dairy products were being handled and also from the outside air; (b) the 
influence of season on the numbers of microorganisms falling from the air 
and (c) the protective effect of a muslin covering on the numbers of micro- 
organisms falling on a surface. 


GENERAL PROCEDURE 


Once each week, for approximately a year, petri plates containing agar 
were exposed to the air in three dairy laboratories and in an experiment 
station bacteriological laboratory in regular use at the Iowa State College, 
and also to the outside air. Each period of exposure was from 10:30 to 
11:30 a.m. The plates were regularly protected from flies, ete., by a wire 
screen (12 meshes to the inch) mounted on a supporting frame that held 
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the screen about 1 inch from the surface of the agar; the screen and frame 
were regularly sterilized just before use. During a part of the year addi- 
tional plates were exposed at some of the stations under pieces of sterilized 
muslin that were held over the agar by folding under the plates and hold- 
ing the edges together with gummed labels. After the exposure, the covers 
of the plates were replaced, the plates incubated and the colonies develop- 
ing then counted. 

There are certain objections to the method used that should be recog- 
nized in interpreting the results. Some of these are as follows: (a) the sur- 
face exposed is relatively small and may not be exactly representative of 
the conditions being studied; (b) some of the microorganisms falling on 
the agar may not encounter conditions satisfactory for growth; (c) some 
of the microorganisms falling may be held away from the agar by particles 
of dust and thus fail to develop; (d) some of the colonies developing may 
represent a group or clump rather than a single organism; (e) the edge of 
a plate may form a shelter which favors the settling of particles of dust, 
ete. In general, the results secured under comparable conditions were 
uniform. 

REVIEW OF LITERATURE 


Frankland and Hart (4), at London, England, determined the numbers 
of microorganisms in 10 liters of air with an aeroscope and also the num- 
bers falling from the air by exposing gelatin plates; the results of the latter 
trials were expressed as the numbers of organisms falling per square foot 
per minute. The determinations were made at various intervals over a 
period of approximately a year and involved the air within buildings as 
well as the outside air. The bacteria, yeasts and molds were not counted 
separately. The general results showed that throughout the year consider- 
able numbers of microorganisms were present in the air and were falling 
upon the exposed surfaces, both indoors and outside. In general, the num- 
bers of organisms in the air during the summer months were considerably 
greater than during the winter months. 

The numbers of microorganisms in the air at Winnipeg, Canada, were 
studied by Buller and Lowe (2); they (a) filtered a definite volume of air 
(usually 10 liters) through glass wool and finely powdered sugar and (b) 
exposed gelatin plates to the air for varying periods (usually 1 to 15 min- 
utes). The results of the former method were expressed as the numbers of 
microorganisms per 10 liters of air and of the latter method as the num- 
bers falling per square foot per minute. Bacteria, yeasts and molds were 
not counted separately. With both methods the smallest numbers of micro- 
organisms were found during the winter and the largest numbers during 
the summer. The average number falling per square foot per minute was 
19.5 for the period from the first week in November to the first week in 
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April, while for the rest of the year it was 1206.6. The highest monthly 
averages, which were for October and April, coincided with the windiest 
periods of the year and the counts obtained on windy days were usually 
very high. Commonly, bacteria were the predominant organisms develop- 
ing on the plates, although molds were frequently numerous. 

Fabian (3) determined the numbers of bacteria and molds in the air of 
an ice cream plant at irregular intervals, over a period of approximately 
a year, in two ways: (a) by the use of an aeroscope and (b) by exposing 
10 ml. portions of sterile saline solution, contained in deep culture plates, 
to the air for five minutes and plating. He found that the numbers of 
bacteria in the air of the ice cream plant were insignificant in the contami- 
nation of ice cream, although his results showed that considerable numbers 
of bacteria and molds were present in the air and were falling on the ex- 
posed plates. The numbers varied greatly and there were considerably 
more bacteria than molds. The largest numbers of bacteria were found 
during April and the smallest during January. Fabian concluded that the 
weather was the most important single factor in determining the numbers 
of microorganisms in the air. The majority of the bacterial types present, 
as determined on milk powder agar, were peptonizers, alkali formers and 
inert forms, with few acid producers. 

The air in a butter plant was considered by Grimes, Kennelly and. 
Cummins (5) as a possible source of mold contamination of butter. They 
emphasized the danger of air contamination of cream subsequent to pas- 
teurization and of butter during the packing process. 

Macy, Coulter and Combs (6) reported results obtained by exposing 
acidulated whey agar plates for 10 minutes to the air (a) over a churn, (b) 
over vats and (c) in a refrigerator. The exposures were made each month 
from July to April. Their results indicated that considerable numbers of 
yeasts and molds were falling from the air in the creamery studied, particu- 
larly during the summer months. 

Olson and Hammer (7) exposed malt agar plates (pH 3.5) and beef 
infusion agar plates inside churns and also near a churn at frequent inter- 
vals during a period of several months. The results showed that consider- 
able numbers of bacteria, yeasts and molds were falling from the air inside 
the churns and that larger numbers were falling near a churn. Commonly, 
the numbers of bacteria falling were larger than the numbers of yeasts or 
molds, and the numbers of molds were larger than the numbers of yeasts. 
In a few comparisons in which one set of plates was exposed in a churn 
protected with a muslin door covering while.another set was exposed in an 
unprotected churn, the numbers of organisms falling in the protected churn 
were considerably less than the numbers falling in the unprotected churn; 
the decrease was especially striking with the bacteria. 
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DETAILED METHODS 


The numbers of bacteria falling from the air were determined with beef 
infusion agar while the numbers of yeasts and molds were determined with 
malt agar (made from the Difeo dehydrated product), adjusted to pH 3.5 
with lactic acid. After exposure, the plates were ordinarily incubated at 
about 21° C. for four, days and the colonies then counted with the aid of a 
low power binocular, or estimated if the numbers were very high ; occasion- 
ally, it was necessary to count the malt agar plates after incubating two or 
three days because of a heavy development of molds. In counting the malt 
agar plates, the yeasts and molds were counted separately. The bacterial 
counts undoubtedly included the yeasts also because detailed examinations 
of the individual colonies were not made; however, the numbers of yeasts 
were unusually small compared to the numbers of bacteria. 

The results were expressed as the numbers of organisms falling on a 90 
mm. (diameter of the bottom) petri plate per hour. The breaks in the data 
are due to failures to make the exposures or to freezing temperatures or 
rainfall spoiling the plates. 

The six locations at which exposures were made are as follows: (a) out- 
side east, a stone ledge about two feet high on the roof of the dairy industry 
building; (b) outside west, a similar ledge about 100 feet away from the 
first; (c) butter laboratory, on top of a switch box about five feet from the 
floor near the center of the room; (d) market milk laboratory, on top of a 
switch box about five feet from the floor near the center of the room; (e) 
cheese laboratory, on top of a switch box about five feet from the floor near 
the wall; and (f) experiment station laboratory, on a shelf about two feet 
above a laboratory desk. Muslin protected plates were exposed only at 
locations (b) (¢) and (f). 


RESULTS OBTAINED 


The data obtained on the numbers of bacteria, yeasts and molds falling 
from the air are summarized in table 1. The general results indicate that 
microorganisms were regularly falling from the air and that, among these 
organisms, bacteria were the most numerous and yeasts the least numerous; 
with each of the groups of organisms the numbers were variable. 

The detailed data, from which the summary was prepared, show the fol- 
lowing relationships. With the 240 bacterial and the 290 mold counts there 
were no instances in which the counts were 0 while with the 290 yeast counts 
there were 69 instances in which the counts were 0, the greatest number of 
these occurring with the counts obtained in the experiment station labora- 
tory. In the 240 comparisons of the bacterial and mold counts, the bac- 
terial counts were the higher in 174 instances and the mold counts in 66; 
42 of the 66 instances occurred during the last two months of the study 








MICROORGANISMS IN DAIRY PRODUCTS 617 





























TABLE 1 
Microorganisms falling from the air. Numbers per 90 mm. petri plate per hour 
BACTERIA 
LOCATION — Organisms per plate 

waaees min. max. av. 
Outside east ccc 38 6 2024 161.8 
Outside West onnecccccecccccccnen 38 12 2034 164.7 
BTID ocicsscsssaciorcinrnenieni 41 18 516 166.5 
Market milk lab. ................. 41 7 734 185.9 
i 41 12 686 144.7 
Expt. sta. lab. ecco 41 2 179 39.4 

YEASTS 
Outside C88t ccm 47 0 83 11.7 
Outside west ...................... 47 0 85 12.1 
a 49 0 21 4.6 
Market milk lab. ................ 49 0 25 4.5 
Sh Ser 49 0 43 4.4 
Expt. sta. lab. ...... 49 0 16 2.0 
MOLDS 

Outside east... 47 + 275 74.9 
Outside west ............ seal 47 2 282 67.6 
Butter lab. .................... mes 49 2 302 60.3 
Market milk lab. ................ 49 3 256 55.1 
a 49 2 286 48.3 
Expt. sta. lab. ................. 49 1 666 79.9 

















when the mold counts were especially high. There were more instances in 
which the mold counts were higher than the bacterial counts with the ex- 
posures mede in the experiment station laboratory than with those made in 
any of the other five locations; in this location the bacterial counts were 
often comparatively low while the mold counts were often comparatively 
high. In the 290 comparison of the mold and yeast counts, the mold counts 
were the higher in 275 instances and the yeast counts in 9, while in 6 there 
was no difference. 

A comparison of the average numbers of bacteria, yeasts and molds fall- 
ing at the outside locations with the numbers falling at the locations indoors 
shows : 

1. Except for the comparatively low value for the experiment station 
laboratory, the average numbers of bacteria falling indoors did not differ 
significantly from those falling outside. However, the maximum value for 
each of the outside locations was considerably higher than the maximum 
value for each of the locations indoors. 
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2. The average numbers of yeasts falling indoors were smaller than the 
numbers falling outside and the maximum value for each of the outside loca- 
tions was higher than the maximum value for each of the locations indoors. 

3. The average numbers of molds falling indoors did not differ signifi- 
cantly from the numbers falling outside. 

A study of the data from which the averages were prepared shows that, 
with a group of exposures made at the same time, it was much more com- 
mon to secure higher counts outside than indoors with the yeasts than with 
the bacteria or the molds. 
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In general, the results indicate that the numbers of bacteria, yeasts and 
molds falling from the air in dairy laboratories do not differ greatly from 
the numbers falling from the outside air. 

The average numbers of bacteria, yeasts and molds falling from the air 
at the various examinations, together with the numbers falling at the dif- 
ferent locations, are shown in graphs 1, 2 and 3. There were no :well de- 
fined seasonal trends in the numbers of the various microorganisms falling. 
The bacterial counts tended to be the highest in March and April, the yeast 
counts in October and November and the mold counts in July, August and 
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September, but there were always great variations between the counts ob- 
tained on dates that were close together. 

In an attempt to correlate the variations in counts with the climatic con- 
ditions, the official weather bureau records of the daily precipitation during 
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the period of the investigation and of the daily wind movement and evap- 
oration from April 3, 1933, to September 12, 1933, were studied ; these were 
supplemented with notes taken on the days of exposure. There was no close 
correlation between any of the climatic factors and the counts obtained 
either outside or indoors, but there are several observations of interest. The, 
counts obtained outside were usually rather low when rain had fallen dur- 
ing the 24 hours preceding the exposures, due presumably to the partial 
removal of organisms from the air by rain. The highest bacterial counts 
outside were obtained on a very windy day in March but there was no close 
correlation between wind velocity and the counts outside. The counts ob- 


TABLE 2 
Effect of a muslin covering on the microorganisms falling from the air. Numbers per 
90 mm. petri plate per hour 



































BACTERIA 
LOCATION PROTECTION —_— Organisms per plate 
ae min. max. av. 
Unprotected 34 12 2034 182.3 
Outside west .. Protected 
with muslin 34 0 990 53.0 
Unprotected 37 18 516 178.2 
Butter lab. ..... Protected - 
with muslin 37 0 56 10.0 
Unprotected 37 2 179 42.0 
Expt. sta. lab. Protected 
with muslin 37 0 82 5.0 
YEASTS 
Unprotected 35 0 35 5.9 
Outside west ... Protected 
with muslin 35 0 8 1.2 
’ Unprotected 37 0 18 4.0 
Butter lab. .... Protected 
with muslin 37 0 2 0.2 
Unprotected 37 0 16 2.0 
Expt. sta. lab. Protected 
with muslin 37 0 2 0.1 
MOLDS 
Unprotected 35 2 282 66.6 
Outside west ... Protected 
with muslin 35 0 114 13.6 
Unprotected 37 Z 302 69.8 
Butter lab. .... Protected ‘ 
with muslin 37 0 20 5.8 
Unprotected 37 1 666 84.5 
Expt. sta. lab. Protected 
with muslin 37 0 36 5.2 
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tained outside during the long hot, dry period from May 29 to June 25, 
1933, were rather low; this may have been due to the destruction of organ- 
isms by dessication during this period. The mold counts were especially 
high soon after a rain on June 25 and continued to be high during the en- 
suing weeks of warm weather and frequent precipitation ; the bacterial and 
yeast counts, however, did not show any conspicuous tendency to increase 
during this period. 

The data dealing with the effect of a muslin covering on the numbers 
of bacteria, yeasts and molds falling on an agar surface are summarized in 
table 2. The average numbers of bacteria, yeasts or molds falling at any 
location were regularly much smaller with the muslin protection than with- 
out it. The protective action of the muslin is convincingly shown in the 
detailed data from which the summary was prepared. The numbers of 





(a) ‘ (b) 
Fie. 1. Prorective AcTion oF Musttn AGAINstT MOLDS 
(a) Plate protected with muslin. (b) Plate unprotected except for coarse screen. 
Plates exposed one hour in experiment station laboratory. 


yeasts falling with or without the muslin protection were frequently too 
smal! for the difference to be of significance but in the 109 comparisons the 
numbers were smaller with the protection in 69 instances, larger in 5, equal 
in 3, and, in 32, yeasts were not found either with or without the muslin 
covering. The numbers of bacteria and molds falling in the comparisons 
(108 for the bacteria and 109 for the molds) were regularly. smaller with 
the muslin protection than without it. Figure 1 illustrates the protective 
action of the muslin against molds; the plates were exposed in the experi- 
ment station laboratory. There were always smaller variations in the 
counts secured at the different stations when the plates were protected with 
muslin than when they were not. 








622 H. C. OLSON AND B. W. HAMMER 


From the average numbers of bacteria, yeasts or molds falling at the 
various locations with and without protection, it appears that the muslin 
gave less protection outside than it did indoors. This may have been due 
to the greater air movement outside. 


DISCUSSION OF RESULTS 


Since the results obtained indicate that bacteria, yeasts and molds were 
constantly falling from the air in the various dairy'laboratories, it is evi- 
dent that the contamination of dairy products and plant equipment from 
the air is to be expected. While the numbers of organisms coming from 
the air is not large when the products or equipment are given reasonable 
protection, small numbers of organisms may lead to disastrous results 
under certain conditions. One mold spore falling on a piece of butter may 
develop and thus. be very serious, both from the standpoint of the appear 
ance and the flavor and odor of the product. If the mold spore falls into 
pasteurized cream or on equipment and is eventually carried to a piece of 
butter at a point where it can grow, the result may also be serious. 

The contamination of equipment from the air may be considerable:if it 
is allowed to stand unprotected for extended periods. This is indicated by 
the work of Olson and Hammer (8) who prepared agar dises from metal 
surfaces before and after exposure to the air; molds were especially con- 
spicuous on the dises prepared after exposure. 

With as many or more organisms falling from the outside air as from 
the air in dairy plants, the air coming into plants through windows and 
doors should be considered a source of microorganisms along with the air 
that has been in the plant for some time. Areas of mold growth are rather 
frequently encountered on walls, ceilings, moist wood, etc., in dairy plants 
and these undoubtedly contribufe mold spores to the air of the plants but 
mold spores may also be carried into plants from outside sources. In this 
connection the work of Bisby, Jamison and Timonin (1) is important since 
it shows that the molds isolated from butter were largely soil forms. Ap- 
proximately half of the 65 identified fungi from Manitoba butter were also 
isolated from the soil there. These investigators state, ‘‘It is probable that 
the fungi recorded as found in butter nearly all arise from spores or bits of 
mycelium from the soil, plants, débris, and manure; they are carried by the 
air or dust particles and contaminate the cream, equipment or butter. Most 
of the fungi found in butter produce spores abundantly.’’. While colonies 
of bacteria antl yeasts are less commonly seen about a dairy plant than mold 
colonies, yeasts and bacteria can grow in milk, cream, ete., and some of them 
be carried into the air in one way or another. These organisms can also 
evidently be carried into dairy plants by outside air. 

Any attempt to control air contamination in a plant should include a 
consideration of the outside air coming into the plant. This may be impor- 
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tant in connection with the printing of butter, especially unsalted butter, 
and with certain other products. 

The protection from the air that is secured by a muslin covering, while 
by no means complete, may be of importance under certain conditions. 
Olson and Hammer (7) found fewer organisms falling in a churn having 
a muslin cover over the door than in a churn with the door unprotected. 
When such materials as cream must be held for extended periods in vats 
that have no covers some protection can be secured with muslin. Even in- 
complete protection may be distinctly useful with pasteurized cream in- 
tended for unsalted or low salted butter and with comparable materials. 


CONCLUSIONS 


Bacteria, yeasts and molds were rather constantly falling on agar ex- 
posed at the six locations studied, four of which were indoors and two out- 
side; the four locations indoors included three dairy laboratories and an 
experiment station laboratory. In general, bacteria were the most numer- 
ous and yeasts the least numerous. 

The numbers of microorganisms falling from the air indoors did not dif- 
fer greatly from the numbers falling from the outside air. 

There was no distinct seasonal variation in the numbers of bacteria, 
yeasts or molds falling from the air at the various locations studied. 

A muslin cover reduced the number of organisms falling on a surface 
from the air. 
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FRESHENING AGES OF PUREBRED COWS IN IOWA COW 
TESTING ASSOCIATIONS* 


MOGENS PLUM anp JAY L. LUSH 
Iowa State College, Ames, Iowa 


The age at which dairy heifers should be bred for first freshening has 
been the object of only a few controlled experiments, although it is a sub- 
ject of much practical importance, and recommendations about it are found 
in almost every treatise on dairy farming. Still fewer have been any sur- 
veys of dairy farming practice intended to ascertain at what ages dairy 
heifers actually freshen for the first time. Data collected at this Station 
for another purpose were -found suitable for such a survey of dairy breed- 
ing praetice and the results, which are surprising in some respects, are pre- 
sented here. 

Widely divergent views are sometimes held on the desirable age for first 
calying. We quote (through the courtesy of Mr. Houghton Seaverns of 
the Holstein-Friesian Association) two extreme views expressed by breed- 
ers who were being asked for additional information about calves out of 
dams less than one year old when bred. 1. From a Wisconsin breeder in 
1926: ‘‘I believe in breeding heifers when they are a year old and not any 
older. I have kept them until they were two years old and then served 
them but never had any luck with them. They turned out to be big steers 
and nothing else.’’ 2. From a New York breeder in 1926: ‘‘One of our 
best and most successful breeders here makes it a rule to breed them when 
they first come in heat no matter at what age.’’ Such views as these are 
unusual. More widely accepted as ideals are such recommendations as 
those of Eckles (2), who stated on the basis of studies in the herd of the 
University of Missouri and at the Maryland Station that normally devel- 
oped heifers should be bred to calve at the following-ages: Holsteins at 28- 
30 months, Ayrshires at 27-29 months, Guernseys at 26-28 months and Jer- 
seys at 24-26 months, respectively. Henry and Morrison (5) recommend 
that well fed Jersey and Guernsey heifers should be bred to calve at an age 
of 24-28 months while Holsteins, Ayrshires and Brown Swiss should not be 
bred to calve before 28-36 months old. 

However, Reed, Fitch and Cave (7) found that even though Holstein 
heifers bred to calve at 24 months of age did not develop as well as animals 
on the same feed bred to calve at 30 months of age, yet their milk produc- 
ing ability was not affected by early calving. Turner (9) found that the 
mean ages for cows placed on official test for the first time at ages up to and 
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including 3 years were 29.8 months for Ayrshires, 28.5 months for Guern- 
seys, 28.8 months for Holsteins and 27.3 months for Jersey cows, corre- 
sponding approximately to the ages recommended by Eckles. However 
some of those cows may really have freshened their second time when they 
were started on test before 36 months of age. Turner concludes that 
- . the most efficient milk and fat production (utilization of nutrients) 
will be obtained by breeding animals to calve at from 20 to 24 months of 
age, maximum production at about 30 months of age, and within 5 to 10 
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Fig. 1. Distribution of calving ages of those Holstein-Friesian cows which com- 
pleted their first Official Records during 1933 after freshening at ages of 36 months or 
less. (Data from H. W. Norton, Jr.). 


per cent of the maximum production at from 23 to 28 months depending 
upon the breed.’’ Through the courtesy of Mr. H. W. Norton, Jr., we show 
in figure 1 the age distribution of those Holstein-Friesian -cows which, 
freshening at 36 months or less, finished their first Official Records in 1933. 
This distribution is not greatly different from Turner’s (Fig. 2), as is to 
be expected since the two groups of data are similarly collected, except for 
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the dates in which the records were completed. Figure 1 does seem tv show 
slightly more skewness than Turner’s data but that discrepancy may not 
be significant. 

Aside from Turner’s study, which was confined to cows on official test, 
we find no systematic survey of dairy breeding practices in this respect. 
A study by Lush and Lacy (6) of the ages of the dams of registered cattle 
of five dairy and three beef breeds did show that there are fewer cows calv- 
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Fig. 2, Distribution of the calving ages of those Holstein-Friesian cows which have 
their first A.R.S.O. records reported in volumes 18 to 34 (records finished prior to April 
1, 1923) and which began these records at ages of 36 months or less. (Turner’s data). 


ing for the first time after 36 months of age than die or are culled, so that 
in a population static in numbers, the maximum number of cows at any one 
calving age is passed some time earlier than 36 months. However their 
data were presented only by six-month intervals and (as in Turner’s 
study) they did not know which calvings at ages less than 36 months really 
were first calvings. A study in Great Britain by Smith and Robison (8) 
similar to that by Lush and Lacy led to very much the same conclusione. 
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There have been a few authentic cases of heifers calving at less than 12 
months of age but such cases throw little light on general practice because 
their extreme rarity makes them much more apt to be reported than are 
ealvings at usual ages. 


SOURCE OF DATA 


The data for this investigation were obtained from the standard record 
books borrowed (with the cooperation of the Dairy Husbandry Extension 
Service) from owners who had been members of Iowa Cow Testing Associa- 
tions for at least three consecutive years. Grade cows are not included in 
the present paper because the exact birth dates were rarely stated for 
grades. Most of the data comes from the years 1926 to 1932, although a 
few come from as far back as 1920. Figure 3 shows the location of the 











Fig. 3. The location of the herds from which these Iowa Cow Testing Association 
data came. 


herds, most of which are in the somewhat specialized dairy section of north- 
eastern Iowa. 

For reasons connected with the primary purpose of the investigation, 
only those lactations which lasted at least nine months were used. Alto- 
gether there were 1073 purebred cows with a total of 2541 such lactations 
where the exact calving ages were known and verified from the herdbooks 
of the breed. Age is expressed here as the last attained number of months. 
For example, all cows calving at from exactly 23 months old to 23 months 
and 29 days are classed as 23 months old, thus making their real ages about 
a half month more than the following averages and graphs show. 
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AGE AT FIRST CALVING 


In most cases when a heifer calves for the first time the record books con- 
tain a specific note that this is a first calving. In some cases (all but seven 
of which were among Holsteins) where this was not definitely stated, the 
general evidence (i.e., age and other information which could be obtained 
from the current or the preceding record book) indicated that the calving 
really was a case of first calving. Such cows are included in our data as 
first calf heifers. That any bias is introduced by such inclusions seems 
unlikely from figure 4, which shows separately the ages of the 283 Holsteins 
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Fie. 4. Distribution of the ages of 415 registered Holstein-Friesian heifers at first 
calving in Iowa Cow Testing Associations. 


definitely stated to be first calvers and the 132 Holsteins not so stated, but 
indicated by other evidence to have been first calvers. The extreme cases 
of first calving at ages above 40 months were all expressly stated to be first 
ealvers. 

Figure 4 shows that the distribution is extremely skew. The mode or 
age at which more freshen than at any other one age, is at 24 months but 
the mean is in the 27th month, being much affected by a few extremely late 
first calvers. The age before which half of all heifers freshen (the median 
age) is 25 months and 10 days in terms of figure 4 or about 25 months and 
25 days in actual age when allowance is made for the fact that the ages in 
figure 4 are computed as the last attained full month. Hence a purebred 
cow in Iowa Cow Testing Associations is to be regarded as a later calver 
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than most if she is as much as 26 months old when she first freshens. The 
mode, median and mean are practically the same for all cows as they are 
for Holsteins (Fig. 4), the earlier freshening of Jerseys and Guernseys 
(Table 1) being almost exactly balanced by the very late first freshening 


TABLE 1 
Ages of heifers at first freshening, by breeds 








BREED NO. OF COWS MEAN AGE IN MONTHS 
Ayrshire 3 28.3 + 2.8* 
Guernsey 34 23.52 8 
Holstein 415 272+ 32 
Jersey 95 255+ 5 
Shorthorn 4 31.0 + 2.5 
Red Polled 19 34.9 + 1.1 

Total 570 27.1 











* The figures after the + signs are standard errors of these means and are computed 
from the average intra-breed standard deviation of 4.91 months. 


dates for the few Shorthorns and Red Polls included. Other studies of the 
breeding efficiency of dairy herds have generally shown that about half of 
those cows which eventually conceive do so on the first service, about half 
of the remainder do so on the second service, about half of the remainder 
conceive the third service, and so on. This in itself, if*true also in Iowa 
Cow Testing Association herds, would give some such skewness as that in 
Figure 4 even if most breeders intended to have freshening occur exactly 
at 24 months. On account of this lack of perfect control over breeding, the 
average age at first calving will usually lag behind what the dairymen think 
is ideal. 


BREED AND AGE AT FIRST CALVING 


The number of cows of the different breeds and their average calving 
age is given in table 1. The mean age at first calving varies from about 
25.5 months for Jersey and Guernsey cows to almost 35 months for Red 
Polled cows. The analysis of variance (Table 2) shows that there are sta- 
tistically quite significant (Fisher, 3) breed differences in this group of 
data. However those differences are not a very large part of the total 
causes of variation in age at first calving in this population, since the vari- 
ance within breeds (24) is nearly 90 per cent as large as the variance (27) 
in the whole population considered as a unit. When the individual breed 
averages (Table 1) are compared, it is seen that the Red Polled cattle (all 
of which came from one herd) are significantly older at first calving than 
any of the other breeds, except perhaps the Shorthorns and Ayrshires, whose 
numbers are too small to warrant much confidence in any estimate of sta- 
tistical significance. The Holsteins are significantly older than the Jerseys 
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TABLE 2 
Analysis of variance in first calving age for cows of different breeds, from different 
herds, calving at different months and fed differently 











SOURCE OF VARIATION D/¥ cums o P 
a ™ 5 311 far less than .01 
Within breeds .............................. - 564 24 4.91 
Between herds within breeds 60 55 about .03 
0 | 504 20 4.52 
Between months ............ aeiade 11 53 ‘far less than .01 
Within months .......................... ian 558 26 5.11 
Total 569 27 5.16 
Between feed grade groups .. 6 51 about .06 or .07 
Within feed grade groups .... 562 26 5.14 
Total 568* 27 5.16 




















* Unintentionally the feeding of one cow was not graded. 


(of which 60 out of the 95 were from one herd). Probably the difference 
between Holsteins and Guernseys is significant, although the small numbers 
of the latter still leave that open to some doubt. The lowness of the Jersey 
average age cannot be attributed to any peculiar management of the one 
herd from which most of the Jersey first calvings come, because the average 
age of the 60 first calvings in that herd was 25.8 months as compared with 
25.5 months for the entire 95 Jersey first calvings. However in the case 
of the Red Polls we cannot know whether this is really a breed difference 
or a difference in the herd manager’s policy, since all the data on this point 
came from one herd. 


TIME OF YEAR AND AGE AT FIRST CALVING 


First calvings, when classified according to the month of calving, might 
have a mean age which is significantly different from month to month if 
dairymen make much effort to hold back some heifers and to breed others 
earlier in order to have most of them calve at a certain season. 

The mean age at which the heifers freshen in the different months is 
given in table 3. The analysis of variance in table 2 shows that the month 
effect is probably significant (P is about .03) but not very important. The 
standard deviation within months (5.11) is but slightly smaller than that 
(5.16) in the whole population. Examination of the individual monthly 
averages does indicate some slight tendency to postpone the breeding for 
those which would otherwise calve in the late spring or early summer so 
that they calve a little older than usual in order to freshen in August or 
September. The August and September ages at first calving are signifi- 
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TABLE 3 
Number and proportion of first calvings by months 














% FRESHENING IN EACH MONTH 
penemnnine uO. GP COWS a These data a arg 
34 27.1 6.0 9.1 
32 27.3 5.6 8.6 
35 26.3 6.1 7.7 
43 26.1 7.5 6.5 
21 25.0 3.7 3.3 
23 25.7 4.0 3.6 
21 25.6 3.7 4.5 
38 28.0 6.7 8.8 
74 29.0 13.0 14.2 
101 27.3 17.7 11.3 
81 27.2 14.2 13.4 
67 26.6 11.8 9.0 
_ ae 570. 27.1 100 100 

















* The standard errors of these means range from .49 for the months with only 21 
ealvings to .22 for October with 101 calvings. 


eantly or almost significantly older than those in the three to five immedi- 
ately preceding months. Also included in table 3 is the seasonal distribu- 
tion (from an unpublished study by Beard, (1)) of the calvings of the 
815 cows reported as ‘‘two’’ years old in Cow Testing Association herds in 
Iowa during 1930-31. The only important discrepancies between Beard’s 
data and ours are for October and for January and February. Beard’s 
data included both grades and purebreds and were from a single year. The 
discrepancies might be connected with either of these circumstances. 

If there is a seasonal sexual cycle in cattle, it would lead to an excess of 
ealvings during late winter and early spring months, so far as one can infer 
from what happens on ranches where bulls are left with the cow herd all 
year. Table 3 shows quite a different picture, 45 per cent of these first 
ealvings coming in the autumn quarter of the year and nearly 57 per cent 
in the four months from September 1 to December 31. 


MANAGEMENT AND ENVIRONMENT OF HERDS 


The 570 first-calf cows came from 66 different herds, each contributing 
from 1 to 60 cows. The herds with 10 or more first-calf cows are shown in 
table 4. All herds whether large or small are included in the analysis of 
variance in table 2. The analysis of variance shows that the mean age at 
calving varies from herd to herd in a more extreme way than can be at- 
tributed to chance alone. Whether these herd differences result from 
avowed differences in opinions of the herd managers about the proper age 
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TABLE 4 
Average age at first freshening in the larger herds 
BREED NUMBER OF COWS MEAN CALVING aGE* 
RENE 10 23.7 
on a, Porro ™ 14 24.1 
es ial lctsiniaay 13 24.3 
ee 20 24.4 
a6 ll 25.3 
e6 18 25.6 
os ll . 26.3 
e¢ 15 26.7 
es 1l 26.9 
¢ 31 27.3 
es 52 27.8 
os 12 28.2 
e¢ 16 30.1 
6e 17 ' 30.1 
$s hin 30 30.4 
Jersey 60 25.8 
Reed Pode ceccccccceceenen 19 34.9 











* The standard errors of these means range from .67 for the 10-cow herd, through 
.39 for the 30-cow herd, to .27 for the 60-cow herd. 


at which to breed heifers for first calving or are secondary consequences of 
some other feature of the herd management or of some environmental cir- 
cumstance such as climate or character of feed, these data of course do not 
tell. The difference is large enough to be of some importance. The stand- 
ard deviation within herds (4.52) is distinctly leas than that (4.91) within 
breeds in the whole population. The intensity of this relation corresponds 
roughly to an intra-class correlation of +.15 between ages at first calving 
for cows in the same herd. 

It was thought that there might be some relation between the breeding 
policy and the feeding policy from herd to herd. When the original data 
were obtained the feeding during each lactation was scored on the basis of 
the feed records in the record books. An arbitrary scale running from 1 
to 9 was used. Grade 1 feeding consisted of legume hay, silage, 3 kinds 
of grain, including wheat bran, a protein supplement, grain when on 
pasture and grain for dry cows. Grade 9 consisted of nonlegume hay 
and only one kind of whole grain. We believe that the grades represent 
fairly well the major differences between good and poor rations, so far as 
those can be judged from the record books. All this grading of the feed- 
ing was done by Mr. G. G. Gibson of the Dairy Husbandry Extension Ser- 
vice. 
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The average ages at first calving for heifers thus classified according to 
the way they were fed in their first lactation, are shown in table 5 and the 














TABLE 5 
Age at first calving for cows grouped according to feeding grade 
FEED GRADE | NUMBER OF COWS MEAN AGE* 

70 28.8 

161 27.1 

82 26.3 

102 26.7 

101 26.7 

44 27.4 

9 28.8 

Total ....... | 569 27.1 





5.1 
* The standard errors of these means are -— which equals .61 for grade 1 and .40 
n 


for grade 2. 


analysis of variance is shown in table 2. There seems to be some tendency 
for late calving in both the best fed groups and the worst fed groups, al- 
though the statistical significance (P is about .06 or .07) of this is not be- 
yond question. Whether statistically significant or not, this relation cer- 
tainly is not close enough to be important since the standard deviation 
(5.14) within groups receiving the same feeding grade is but very slightly 
smaller than that (5.16) in the whole population. The difference between 
the average age of those in Grade 1 and those in the next four grades comes 
close to statistical significance. Grade 1 feeding is rather closely compara- 
ble to Advanced Registry conditions. Perhaps it is not a mere coincidence 
that the cows in this group have a mean age at first calving corresponding 
almost exactly to the one found by Turner (9) for Advanced Registry Hol- 
stein cows. 


AGE AT LATER CALVINGS 


Among the first calf heifers there was a very pronounced peak in calv- 
ing age at 24 months of age, over 45 per cent of all first calvings occurring: 
at ages of 23 to 26 months, inclusive. When all.the ages at calving (later 
calvings along with the first calvings) are assembled in one distribution 
(Figure 5) there is a conspicuous repetition of this peak each twelve 
months until at very high ages where the numbers are small this cycle 
becomes somewhat less distinct. 

Figure 5 seems to show a deliberate attempt on the part of most dairy 
farmers to have their cows calve at exactly two, three, four, five, etc., years 
of age, rather than at intervening ages. To us the most plausible single 
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explanation seems to be that the general policy of trying to breed for fall 
calving would lead to a large proportion of heifers being bred to freshen 
in the fall. A large proportion of these same heifers would have been born 
in fall months and would therefore be about two years or about three years 
old. We are not convinced that the percentage of fall calvings in these 
data (Table 3) is high enough to be a complete explanation for the cycles 
of figure 5. 

However it seems to us worth emphasizing in this connection that one 
cannot have a very high percentage of his cows freshen in the fall each 
year without also breeding his heifers to come fresh either near 24 months 
old or near 36 months old. Another explanation might be that most dairy 
farmers try rather definitely to have their heifers calve at about 24 or 25 
months old and that the interval between successive calvings is so near 12 
months and varies so little that the initial peak of calvings thus established 
at about 24 months tends to recur every 12 months, being slightly smoothed 
out at the higher ages by the accumulations of variations in the length of 
the calving intervals. We are skeptical of calving intervals being regular 
enough to make this explanation a major one, but it may be a contributing 
cause for the initially sharp cycle in figure 5 which tends to be damped 
down later. 

Gaines (4) in studying 4,109 annual records of 740 different cows of the 
Red Danish breed found a similar ‘‘orderly irregularity’’ of the frequency 
distribution with the peaks at age classes 2-2,25 years and every year there- 
after. The Danish records used by Gaines were all yearly records begin- 
ning at October lst and he interprets the regularity of the peaks as being 
due to a preference for fall calving. 

The irregularity of the calving ages with definite peaks at regular 12 
month intervals is of importance in correcting for the effect of age on milk 
production. In finding age correction factors, a sufficiently fine grouping 
must be maintained as otherwise the unequal frequencies in succeeding 
months will tend to give the age classes with relative high frequencies less 
weight than they should have. In finding a regression curve it is important 
that the independent variable be correctly stated. Random errors in the 
dependent variable tend to cancel each other but that is not the case even 
with random errors in the independent variable. For most cows (especially 
for grades) the ages in Cow Testing Association records are usually re- 
ported only as a whole number of years. Figure 5 shows that there is 
some error in assuming that the ages are evenly distributed through each 
year with the mean being at or very near the half year. Moreover there 
was (at least in our material) a very evident tendency to state the year to 
the nearest year rather than to the last attained year. For example the 
rather large number found by a check of birth dates and calving dates to 
have been from 20 to 23 months old at first calving were, with few excep- 
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tions, entered in the record books as ‘‘two’’ years old and very many of 
those calving at ages of 31 to 35 months were listed as ‘‘three’’ years old. 
On the basis of this experience we would estimate that the average age of 
all cows listed as ‘‘two’’ years old in Cow Testing Associations records is 
probably about 26 or 27 months instead of the 30 months which might be 
expected if calving ages were evenly distributed through the year and if 
the ages of cows (like those of humans) were nearly always stated as of 
the last attained birthday. 

This is a point important to keep in mind when applying to data where 
the age is only stated in whole years, age-correction factors derived from 
data where the age was stated in-months or quarter years. 

Figure 5 also shows vividly the youthfulness of the dairy cow popula- 
tion. One fourth of all purebred calves are out of dams less than 36 
months old and one half are out of dams less than four years and four 
months old, while only one fourth are from dams as much as six years and 
three months old when these calves are born. To be sure the dairy popu- 
lation was expanding somewhat in this region during the period covered 
by these data and an expanding population naturally has a more youthful 
age distribution than a static one, unless there are some compensating 
changes in the death rates at various ages. In small part this may explain 
the relative scarcity of mature and old cows. 


. SUMMARY 


1. The mean age at which 570 registered heifers in Iowa Cow Testing 
Associations first freshened was found to be 27.1 months but the distribu- 
tion was decidedly skew with the mode at 24 months. More than half of 
them freshened before they were 254 months old. These ages were com- 
puted as the last full month attained before the freshening day and there- 
fore are about 15 days less than the actual ages. 

2. Some significant differences were found among the different breeds 
studied. Nearly 73 per cent of the data concern Holsteins. 

3. Differences found from herd to herd were large enough to show a 
variation in management policy in this respect or an effective difference in 
herd environment. 

4. Heifers fed liberally enough to approach advanced registry condi- 
tions and heifers fed poorly calved later than those which received about 
average feeding, but this relation is too slight to be practically important 
and even its statistical significance is doubtful. 

5. The numbers of cows calving at various ages show a distinct cycle, 
the peaks being twelve months apart and beginning at 24 months. This 
eyclical distribution should be taken into account in studying the relation 
of other variables to age at calving. 
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6. This study is a survey of actual breeding practice among Iowa breed- 
ers of purebred dairy cattle. Whether breeding for such early freshening 
has more desirable than undesirable consequences, everything considered, 
is something we hope to investigate at an early date. 
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THE APPARENT VISCOSITY OF ICE CREAM 


I. THE SAGGING BEAM METHOD OF MEASUREMENT. 
II. FACTORS TO BE CONTROLLED. III. THE EF- 
FECTS OF MILKFAT, GELATIN AND HOMOG- 
ENIZATION TEMPERATURE 


ALAN LEIGHTON, ABRAHAM LEVITON, anp OWEN E. WILLIAMS 
Bureau of Dairy Industry, U. 8. Department of Agriculture, Washington, D. C. 


INTRODUCTION 


The purpose of this paper is to describe the development and applica- 
tion of the sagging beam method of viscosity measurement to ice cream and 
to show the effect of certain variables, such as milkfat concentration, gelatin 
concentration and homogenization temperature upon the viscosity of ice 
cream. 

In ice cream work, particularly from the scientific point of view, there 
is need for the development of methods for measuring the physical proper- 
ties of ice cream. Such measurements will serve several purposes. They 
will define the properties of the finished product and they may be used as 
a tool to get an insight into the effect of variations of manufacture and the 
mechanism of their action, as well as furnishing a basis for the general 
improvement of ice cream. Another point that must not be overlooked is 
that such measurements may be used to record permanently the properties 
of certain ice creams, when, with the present day methods of testing by 
taste, as soon as the control sample is destroyed, direct comparison with 
that series of tests becomes impossible. 

Of the physical properties of ice cream that should be measureable, con- 
sistency quite naturally suggests itself, not only because it may be deter- 
mined, but also because it is undoubtedly one of the properties of ice cream 
upon which consumer preference depends. Sagging beam experiments in 
connection with the rheological properties of ice cream have shown that 
ice cream will flow under comparatively low stresses and that for the pur- 
poses of this paper it may be considered as a viscous substance. The fol- 
lowing discussion deals, then, with the apparent viscosity of ice cream as 
measured by the sagging beam method, especial emphasis being placed 
upon the réle which milkfat and gelatin play in the physical quality of ice 
cream as demonstrated by viscosity measurements. 

The usual method for measuring the viscosity of a fluid mass is to force 
it under pressure through an orifice and determine the amount delivered 
in a given time under certain standard conditions, or to use an instrument 
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of the MacMichael type employing a torsion disc. The first method is use- 
less for our purpose since ice cream is a whip and any considerable force 
placed upon it will materially alter the properties of the mass by breaking 
up the structure. The second method requires the fluid to flow freely, and 
hence cannot be used with ice cream. Under these circumstances, the 
sagging beam method of viscosity measurement suggests itself gs being 
applicable to ice cream. 


I. THE SAGGING BEAM METHOD OF MEASUREMENT 


The sagging beam method of viscosity measurement was developed by 
Trouton (1) and was used by him in the determination of the viscosity of 
pitch and substances of that character. More recently it has been used by 
Bingham (2) to measure the consistency of cement and of cement-stone- 
mortar. The method is simple and consists in the determination of the rate 
of sag of a beam of the substance under investigation when such factors 
as length and diameter, as well as the weight of the beam are known. 

This method, as we have developed it for the measurement of the vis- 
eosity of ice cream, is as follows: The ice cream is drawn from the freezer, 
transferred to the hardening room, and poured into bottomless metal boxes 
placed upon metal plates. When the beam is to be cut, (usually after the 
ice cream has hardened one week, as will be shown later) the box of ice 
eream is torn from the plate and placed upon a wooden block resting upon 
the bed of a blacksmith’s drill press, where the beam is drilled out with a 
tool of the cork borer type, the cutting edge of which is slightly smaller 
than the barrel, so that the beam will not bind within the tool. A cylin- 
drical beam 4} inches long by } inch in diameter is obtained in this manner. 
The beam is then taken to a constant temperature room, held at a tempera- 
ture of -8° C. and after a period of one hour, in which the beam has 
reached the temperature of the room, it is placed upon aluminum blocks 
grooved to receive it and clamped in place by means of small lead weights 
shaped to fit it. The weight of these clamps actually rests upon the alumi- 
num blocks so that the beam is held in place without crushing. The blocks 
are a few inches high and rest upon glass plates. The blocks are provided 
with two grooves upon the upper side and when held in a series of seven, 
at the proper intervals, by means of a brass rod, provide support for six 
beams at one time. Plate I shows some beams upon the blocks after sagging 
about three hours. 

After the beam is in place, the distance from the glass plate to the 
bottom*® of the center of the beam is measured periodically by means of 
dividers and this measurement transferred directly to graph paper by 
pricking the surface, the sag, of course, being plotted against time. The 
use of a white background is essential while making the measurements with 
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the dividers. Following this procedure an unalterable record is made as 
the measurement progresses. 

For the purpose of this paper all beams have been measured in dupli- 
cate or triplicate and no measurements have been accepted without obtain- 
ing satisfactory checks. Each entire experimental series has also been re- 
peated at least once to make sure that the conclusions are valid and that 
possible errors have not been overlooked. 

Trouton (1) has shown that the absolute viscosity of a substance may be 
calculated from the rate of sag of a beam by the following formula: 

_SgmL? 

1152 RI 

where y, is the viscosity, g is the gravity constant, m the mass and L the 
length of the beam between supports. R is the rate of sag of the beam and 
I the moment of inertia of a cross section of the beam. I is equal to .049D* 
where D is the diameter of the beam. 


n= 





Puiate I 


Ice cream beams after the completion of a series of viscosity measurements. Start- 
ing at the left, samples 1 and 3 are duplicates and contain no gelatin; samples 2 and 5 
are duplicates and contain 1/10% gelatin; samples 4 and 6 are duplicates and contain 
3/10% gelatin. 


This reduces in the case of our ice cream beams at 100 per cent over- 
run to 
21000 8268 
a ae 
where R, is the rate of sag in centimeters per second.and R, the rate of 
sag in inches per second. 

The calculated apparent viscosity, in terms of centipoises, in the case 
of ice cream is large. A beam of 100 per cent overrun ice cream that would 
sag at the rate of 2.54 centimeters or an inch in 400 minutes would have 
an apparent viscosity of 19 billion 800 million (1.98 x 10*°) centipoises. 

In our work we have adopted the procedure of comparing the rate of 
sag of the different specimens of an experimental series directly with the 
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control. This is desirable because, while absolute duplication of viscosity 
measurements in specimens made from identical materials is possible, 
similar ice creams made from day to day vary to some extent in the ab- 
solute value of their viscosities. This may be due to the physical varia- 
tions in the cream and condensed milk used in making the ice cream and 
is a field for further systematic study. 


Types of Sag-Twme Curve 


When the sag of the ice cream beams is plotted against time, two types 
of curves may be obtained, as shown in figure 1. 


TYPICAL SAG CURVES 
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Fie. 1. Typicat Curves OBTAINED By. PLOTTING Sac or Ick CrEAM BEAMS AGAINST TIME 


The first curve represents the rate of sag of a rather viscous ice cream 
in which the sag is small, and, after the beam has adjusted itself to the 
supports, the sag is proportional to the elapsed time and the points may 
be joined by a straight line, the slope of which gives information from 
which viscosity may be calculated. This curve, then, is made up of two 
parts, the initial sag (A) probably due to the adjustment of any strain im- 
posed upon the beam in placing it upon the supports, and probably also 
connected with the elastic properties of the beam; and the second part (B) 
the rate of sag of which, following the precedent of Trouton, we have used 
to calculate viscosity. This curve has been considered to be the first part 
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of the curve of the second type as shown in figure 1. This second curve 
is the type obtained from an ice cream much less viscous than the first; and 
we see that the rate of sag is slowed appreciably after the beam has sagged, 
in this case, about half its diameter. It is the second or (B) portion of 
this curve that gives the viscosity data here, although it seems that both 
the initial sag (A) and the third part of the curve, the (C) portion, must 
give some indication of certain properties of ice cream as yet undetermined. 
A field for further experimentation has here been opened up. 

In the work reported here the determination of the slope of the line 
representing the rate of sag is facilitated by the extrapolation of the line 
across the entire width of the graph paper, which usually means the de- 
termination of sag which would have occurred in 400 minutes had the sag 
remained constant in rate throughout that interval. 

In some sag curves the three portions of the curve are not so apparent 
as those illustrated in the second curve of figure 1. In such curves the 
points of the third portion are easily recognized and a line drawn through 
them indicates the point which is to be considered as the last point of the 
second portion of the curve. From this point, working backwards, a 
straight line is drawn through all the points that will fall on the line. The 
slope of this line is used to determine viscosity. 


II. FACTORS TO BE CONTROLLED 


ahe standardization of the sagging beam method for the measurement 
of the viscosity of ice cream for such purposes as, for instance, the de- 
termination of the effects of variations in composition, necessitates the in- 
vestigation of the influence of certain variations in procedure. 

The viscosity of ice cream is affected quite markedly by temperature. 
A lowering of the temperature of an ice cream sample by a few degrees 
may double or treble the viscosity of that sample. For comparative studies, 
however, we have worked at only the one temperature, — 8° C., since a brief 
series of tests showed the apparent relative viscosities of different ice cream 
samples in a series to be approximately the same at all temperatures at 
which the sagging beam measurements were possible. 

The temperature of —8° C. was used because it approximated the 
temperature at which ice cream is usually served and also because it proved 
a convenient temperature to work at. 

It was found that ice cream samples placed in the hardening room re- 
quired from two to four days to reach equilibrium. Therefore the pro- 
cedure was adopted of making measurements at a period of one week from 
the date of freezing. Difficulties due to the presence of air holes in the 
ice creams were encountered at first, but this trouble was overcome by re- 
ducing the speed of the freezer as the sample portions were drawn. 
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Two important factors to question were the effect upon viscosity of over- 
run and temperature of drawing. A considerable number of experiments 
show that, for a normal fat mix and one low in fat, overruns between the 
limits of 50 and 100 per eent do not affect the rate of sag. This is also 
true of overruns between 60 and 100 per cent in high fat mixes. This does 
not mean that viscosity is independent of overrun, but rather that it is in- 
versely proportional to overrun. This is explained by the fact that vis- 
cosity is proportional to the mass divided by the rate of sag. If the mass 
of one specimen is greater than that of a second specimen, and the rate of 
sag of both specimens is the same, then the first must have the greater 
viscosity. 

The effect of temperature of drawing is shown by the curves of figure 2. 
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Fig. 2. VARIATION oF IcE CREAM VISCOSITY WITH TEMPERATURE OF DRAWING. 


The viscosity of ice cream as measured by the sagging beam is less with 
lower temperatures of drawing, probably because the ice crystals are 
smaller with lower drawing temperatures. For work on crystal size see 
Cole (3), Turnbow (4) and Dahlberg (5). It is interesting that the two 
curves, the one for an ice cream made without gelatin and the other for an 
ice cream made with gelatin, are practically identical. Although the abso- 
lue viscosities of the samples containing gelatin are lower. 


III. THE EFFECTS OF MILKFAT, GELATIN AND HOMOGENIZATION TEMPERATURE 


The effect of milkfat upon the viscosity of ice cream is marked as shown 
in figure 3. 

In order that milkfat concentration should be the only variable in the 
ice cream made from these mixes, the milk-solids-not-fat, water and sugar 
content was maintained in the same proportion as in a mix containing 64 
parts water, 10 parts milk-solids-not-fat and’ 14 parts sugar. The milkfat 
was varied through the range of 3, 6, 9, 12, 15, 18 and 21 parts as com- 
pared with 88 parts of the other ingredients. 

At the time of drawing figure 3 it seemed desirable to use the viscosity of 
the 3-parts-fat sample as the control due to the fact that under ordinary 
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conditions of freezing it was found impossible to keep the overrun of sam- 
ples made up without milkfat within any reasonable bounds. However, a 
later experiment, wherein the overrun of a mix made without milkfat was 
controlled by the expedient of overloading the freezer, shows that the figures 
given above are valid. 

It may be seen from the plot that increase in fat content first increases 
the viscosity of ice cream, then decreases it markedly to a minimum between 
the ratios of 12, 15 and 18 parts fat and then increases the viscosity at 21 
parts. Of these ice creams the 18 parts fat ice cream had the best body and 
texture as determined by taste. It is evident that with increasing fat con- 
tent the viscosity of ice cream is first increased through a binding or mass 
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Fig. 3. Errect or MILKFaT CONTENT UPON THE VISCOSITY oF IcE CREAM 


effect of the milkfat. Then with increasing quantity of fat the protective 
effect on the ice crystals or a lubricating action results in lower viscosity 
simultaneously with better texture. Finally the mass effect of the large 
amount of fat becomes evident and the viscosity increases. A further analy- 
sis of the curve shows that in this curve, and it is also true of some that fol- 
low, there are possible three different ice creams of the same viscosity but 
widely varying quality. This means that a simple determination of the 
viscosity of any ice cream can not serve to indicate the quality of that ice 
cream. It is equally true, however, that when any factor such as fat content 
or gelatin content is varied in a series of ice creams, the viscosity curve 
indicates the changes in quality of the ice creams, and it has been found that 
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the ice cream of the most desirable quality was always either one at the 
lowest possible viscosity or one a short way along the viscosity up-curve 
where a little more body was to be had than in the ice cream possessing 
lowest possible viscosity. Viscosity then becomes an instrument for record- 
ing in absolute terms changes in the comparative qualities of ice creams that 
have heretofore been unmeasureable and incapable of adequate description. 
It is a tool for the research worker rather than the manufacturer unless it 
so happens the latter should find the measurement of value in checking the 
standard of the product from time to time. 

Before considering the effect of gelatin upon the viscosity of ice cream 
let us study this curve (Fig. 3) more closely. The points to be noted are 
that the addition of fat, in not too great an amount, would decrease the 
viscosity of.an 8 parts fat mix and also that in the usual range of fat varia- 
tion found in commercial ice cream viscosity changes are not.so great as in 
the lower fat ranges. The absolute viscosities are also the lowest possible. 


Effect of Gelatin Upon Ice Cream Viscosity 
In figure 4 the curve shows the effect of variations in the amount of 
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gelatin upon the viscosity of ice cream. This is a typical curve, characterized 
by a minimum, for mixes other than those of high fat content or those 
homogenized at temperatures higher than usual. The position of the 
minimum varies with the fat content and homogenization temperature and 
the minimum vanishes when the fat content is great and the homogenization 
temperature is sufficiently high. 
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Here, as in the experiments in which milk fat was varied there is first 
found a slight increase in viscosity with increased gelatin, then a decrease to 
a minimum and then a rise. The ice cream having the most desirable body 
and texture is one on the rising curve, just after the minimum is reached. 
Here, as in the case of the experiments with milk fat variation, viscosity 
decreases with improvement in texture. These results are entirely in accord 
with Dahlberg’s observation that gelatin owes its chief value in ice cream 
to its ability to form a gel. Dahlberg (5) shows that 0.7 per cent gelatin 
(presumably of good grade) will gel in solution at 0° C. On this assump- 
tion, when one considers the concentrating effect of ice separation in ice 
cream, it seems logical that in the hardening room an initial gelatin con- 
centration of 0.1 per cent will gel at 0° F. The tentative theory of the above 
curve, then, is that the gelation of 0.1 per cent gelatin is too weak to interfere 
with the growth of ice crystals, but that at slightly higher concentrations 
interference results in lower viscosity in spite of gelation until concentra- 
tions of gelatin become such that gelatin actually overcomes the first effect 
and a higher viscosity product results. It is of course apparent from data 
recorded elsewhere in this paper that factors other than simple concentra- 
tion of ingredients enter in, such as homogenization temperature, etc., so 
the complete theory of ice cream viscosity is not so simple as indicated 
above. 


Effect of Gelatin and Homogenization Temperature Upon Ice Cream 
Viscosity 

In considering the effect of gelatin upon the viscosity of ice cream, the 
question naturally arises as to what is the effect of homogenization tempera- 
ture and pressure. The next three figures show the effect of variation of 
gelatin content simultaneously with homogenization temperatures of 53°, 
63°, 73°, and 83° C. upon the viscosity of ice creams containing 8, 12, and 
16 per cent fat. The effects of homogenization pressure will not be reported 
apon in this paper. 

The effects of gelatin concentration and homogenization temperature 
variation upon the viscosity of mixes of low milkfat content, (8% butterfat, 
12% milk-solids-not-fat and 14% sugar). are shown in figure 5. 

It will be noted that in ice cream made from mixes homogenized at 
53° C., the viscosity decreases through 0.5 per cent gelatin. Actually later 
experiments showed it to decrease through 0.75 per cent gelatin with a slight 
viscosity increase at 1.0 per cent gelatin. The mix homogenized at 63° C. 
shows a decrease in viscosity through 0.4 per cent gelatin, then a rise. Here 
the 0.5 per cent gelatin content gave the best ice cream when considering 
body and texture. At 73° C. homogenization temperature the minimum is 
reached at 0.3 per cent gelatin and at 83° C. the minimum is either very 
slight or missing entirely. We see then that with higher homogenization 
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temperatures there is apparently less gelatin required before gelation over- 
comes the protective effect. In this sense higher homogenization tempera- 
tures replace gelatin. Referring back to figure 3 it will be seen that the 
addition of milkfat to an 8 per cent fat mix should, in moderate quality, 
reduce its viscosity. In the mixes here we find gelatin, under normal con- 
ditions, doing the same thing. Gelatin, then, in a way appears to act in ice 
cream as does fat in its effect upon viscosity. 


8* FAT ICE CREAMS 





VisCOsiTy 


E 


RELATINV 





% Gelatin % Gelatin 
Fig. 5. Curves SHOWING THE EFFECT OF VARIATIONS IN THE AMOUNT OF GELATIN UPON 
THE ViscosiTy or IczE CREAM MIxEs oF Low Fat CONTENT 
_ HOMOGENIZED aT DIFFERENT TEMPERATURES 
53° C. homogenization. 73° C. homogenization. 
63° C. homogenization. 83° C. homogenization. 
(Note change of coordinates) 


In similar data for mixes containing 12 per cent fat it is apparent, as 
might be expected, that the tendency for gelatin to decrease viscosity is not 
as marked as before. The tendency to gelation is greater, however, and, to 
get a given body, less gelatin is required in this series of mixes. There is, 
as before, the tendency fdr higher temperatures of homogenization to reduce 
the quantity of gelatin that must be present to increase the viscosity of ice 
cream. 

Another similar set of curves of the viscosity of ice creams of 16 per 
cent milkfat content is shown in figure 7. Here, as indicated in figure 3, 
there is no tendency for the gelatin to reduce viscosity, but there is, par- 
ticularly at the higher temperatures, a marked gelation effect. As in the 
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HOMOGENIZED AT DIFFERENT TEMPERATURES 
53° C. homogenization. 73° C. homogenization. 
63° C. homogenization. 83° C. homogenization. 
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Fig. 7. Curves SHOWING THE EFFECT OF VARIATIONS IN THE AMOUNT OF GELATIN UPON 
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other curves, higher temperatures seem to lower the amount of gelatin 
necessary to cause an up-turn in the viscosity curve. 

We can conclude from the data given above that milkfat and gelatin 
seem to be working both independently and together in some way to pro- 
duce the same general effects upon the viscosity of ice cream and that high 
homogenization temperature lowers the amount of either material necessary 
to produce the same effect. 


SUMMARY 


It has been shown that the sagging beam method of viscosity measure- 
ment can be used to determine the rheological properties of ice cream, and 
that ice cream may for all practical purposes be considered a viscous 
material. 

A detailed study has been made of those factors of normal manufacture, 
such as overrun, temperature of drawing, ete., which would affect the vis- 
eosity of ice cream, so that a standard pfocedure could be developed for 
determining ice cream viscosity. 

The effect of milkfat concentration and gelatin concentration upon the 
viscosity and quality of ice cream has been studied. It is shown that they 
in some way act to produce the same general effect upon the viscosity of ice 
eream. Increasing temperature of homogenization tends to reduce the 
quantity of either material necessary to produce the same general effect. 

While it is evident that the absolute viscosity value of an ice cream is 
not a direct measure of quality, it is shown that, in a series of ice creams in 
which one factor is varied, viscosity is an indication of changes in quality 
and of the physical action of that factor in ice cream. 
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